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Introduction 1
The baby boomers, individuals born between 1946 and 1964, represent the current major wave of 2 aging adults. As of 2010, more than 40 million individuals were aged 65 and over in the United 3
States, representing 13 percent of the population. By 2030, all of the baby boomers will be aged 4 over 65, pushing the United States' share of 65+ to 19 percent of the population, or more than 72 5 million persons (Vincent and Velkoff, 2010) . 6
This demographic reality is related to a range of now well-documented public policy 7 challenges. Among these, mobility looms importantly. Will the baby boomers follow previous 8 generations of older adults, for whom the share of non-drivers increases rapidly after age 65? 9 (U.S. DOT, 2011). If so, how would such a trend be reconciled with the boomers' current high 10 automobile dependency, itself influenced by their apparently overwhelming preferences for non-11 urban living? 12 13 Table 1 
18
The past decade provided modest evidence that baby boomers became more urban and 19 less automobile dependent (across residential settings) and walked for a greater share of all trips 20 (again across residential settings). The 2009 mode shares in Table 1 show that urban boomers' 21 walk mode share is more than double than those of non-urban boomers in second city, suburban, 22 and town & rural. Also, urban boomers' transit mode share is at least seven times greater than 23 their non-urban counterparts (Table 1) . If this trend continues, baby boomers may decrease their 24 automobile dependency as urban boomers use private motor vehicles considerably less than their 25 non-urban counterparts. Nonetheless, massive relocation of non-urban boomers to urban areas 26 1 The four categories (Urban, Second City, Suburban, and Town & Rural) reflect the classification of "Urban / Rural Indicator -Block Group" (U.S. DOT, 2011). The classification is based on population density (persons per square mile), which was converted into centiles (a scale from 0 to 99). Urban: Downtown areas and surrounding neighborhoods. 94% of "Urban" block groups have a density centile score between 75 and 99. Second City: Satellite cities surrounding major metropolitan areas. 96% of "Second City" block groups have a density centile score between 40 and 90. Suburban: Areas surrounding urban areas. 99% of "Suburban" block groups have a density centile score between 40 and 90. Town & Rural: Exurbs, farming communities, and various rural areas. 100% of "Rural" block groups have a density centile score between 0 and 20. 98% of "Town" block groups have a density centile score between 20 and 40.
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2 remains to be seen. While suburban baby boomers may express concerns regarding their current 27 neighborhoods becoming unsuitable for them as they age, they may also be unlikely to forego the 28 privacy, amenity, and social networks suburbia provides (Zegras et al., 2008) . Also, it is difficult 29 to implement major environmental changes of non-urban areas -such as radical improvement of 30 density, diversity, and transportation services -to satisfy the travel (and other) needs of their 31 aging demographic.
32
The boomers' demographic geography and underlying preferences raise a series of inter-33 related questions for planners, designers, and others concerned with improving current 34 residential settings and/or providing options that support healthy and active aging. How do 35 boomers decide whether to live in "suburban/town" or "urban" environments? How do 36 transportation and the role of the automobile factor into this decision? Does urban and suburban 37 boomers' travel behavior differ and, if so, in what ways? Would an urban migration of baby 38 boomers change their travel behavior? In this paper, we aim to answer some of these questions 39 by comparing the travel behavior of urban and suburban baby boomers in Greater Boston.
40
The present study attempts to assess the role of urban living in influencing baby boomers' 41 travel behavior. We focus on baby boomers aged 55 to 64, or the "pre-senior" or "pre-retiree" 42 group (Frey, 2003 propensity score matching approach to approximate "true" versus self-selection effects.
50
Ultimately, we aim to offer a better understanding of baby boomers' travel behaviors in urban 51 versus suburban settings and the role of residential locations in promoting active and healthy 52 aging.
53
The next section reviews previous studies regarding the built environment, travel 54 behavior, and residential self-selection, as well as aging baby boomers' travel patterns. The 55 following section introduces the data, key variables, and propensity score matching modeling 56 approach, followed by model results. Among the various self-selection controls, one option is matched sampling, whereby observed 118 variables are used to adjust for differences in outcomes unrelated to the "treatment" (e.g., built 119 environment) and producing selection bias. Propensity-score matching (PSM) is one such 120 matching approach, particularly popular in evaluating social programs (Ravallion, 2008) . 121
Essentially, PSM attempts to control for the influence of confounding factors that may lead to 122 self-selection in observational research by mimicking randomization among the observations. 123
The approach has been somewhat recently introduced into built environment-travel behavior 124 research. Boer et al. (2007) use the propensity score matching method and travel data from the 125 1995 US National Personal Transportation Survey (NPTS), to estimate the effects of six built 126 environment measures on the odds of walking (making at least one walk trip), finding business 127 diversity, intersection density and housing density (at the highest density levels) to be related to 128
walking. Zegras et al. (2009) propose, but do not implement, the PSM approach as a method for 129 estimating travel emissions reductions from a neighborhood development project in China. Cao 130 (2010) uses a propensity score stratification approach to estimate the causal effect of "traditional" 131 (treatment; defined as mostly pre-dating World War II) versus suburban (control) neighborhoods 132 on residents' utilitarian and recreational walking frequencies. He finds evidence of self-selection 133 for both trip types, with a stronger effect, intuitively, for utilitarian walking; he finds the 134 neighborhood effects on walking behavior tend to be greater than self-selection effects. Cao et al.
135
(2010) apply propensity score matching to assess the effects of residential location on residents' 136 vehicle miles driven in the Raleigh (North Carolina) region. They estimate the effects on 137 individual vehicle miles driven per day of living at various locations relative to the city center: effects, generally to be larger than self-selection effects, with the location effects increasingly 140 dominant with as the distance from city center increases.
141
Our work draws methodological inspiration from these recent PSM-based approaches, 142 but examines specifically the suburban/urban differences associated with baby boomers travel 143 behavior. We build from our own previous work, which focused on suburban and urban boomers, 144 in separate analyses. In Zegras et al. (2012), we utilize structural equation modeling (SEM) to 145 estimate the effect of neighborhood physical and social characteristics on baby boomers' 146 recreational non-motorized transport (NMT) and social trips in suburban Boston. We find very 147 modest, indirect, effects of the physical setting on trip-making, as well as evidence of self-148 selection into desired social settings (i.e., to satisfy social trip-making predilection), which, in 149 turn, influence the likelihood being "active" (making at least one recreational NMT trip). In a 150 subsequent analysis of urban baby boomers (Lee et al., 2013), we find, again using SEM, 151 stronger evidence of physical characteristics affecting baby boomers' utilitarian and recreational 152
walking. The models reveal little evidence of self-selection among urban boomers regarding the 153 behaviors analyzed, but they do suggest that social norms and safety concerns do influence 154 walking behavior. Overall, our previous findings suggest that, relative to suburban areas, urban 155 areas' greater varieties in physical forms may influence boomers' travel behaviors. While we 156 find little evidence of self-selection within the urban or suburban residents focusing primarily on 157 NMT trips, we now combine the two datasets to examine diverse travel behaviors (i.e., 158 automobile and public transportation commuting, NMT trips, social trips, and utilitarian trips) 159 and possible self-selection across urban and suburban boomers to reveal the degree to which 160 behavioral differences among boomers arise due to locational differences versus self-selection. 161 162 3. Methods 163 5
Study area 164
We examine differences between urban and suburban baby boomers' travel behaviors in the 165
Boston metropolitan area (Fig. 1) Table 2 ). For example, the urban 204 destination data is from the ESRI Business Analyst Data, whereas the suburban destination data 205 comes from Google Earth's "places of interest." Despite these potential sources of differences, 206 however, it is safe to say that the urban neighborhoods in the sample tend to have greater street 207 connectivity, more amenities, more nearby destinations, and greater access to public 208 transportation than suburbs. These urban neighborhoods' physical characteristics are expected to 209 encourage more active travel patterns, relative to the suburban neighborhoods. 210 211 Notes: * p<0.05, ** p<0.01, indicating significance levels of difference of means/proportions. The Suburban neighborhoods were identified visually, based on primary street characteristics surrounding each sampled household (households could share neighborhoods) (see Zegras et al., 2012) ; the "urban neighborhoods" were defined based on 400 meter walk buffers drawn according to walking paths along streets emanating from each household (each household had unique buffer) (see Lee et al., 2013) .
214
The information collected through the survey includes: (1) socioeconomic and 215 demographic characteristics, (2) weekly behavioral characteristics (trip frequency by travel 216 modes, purposes, and social activities), and (3) travel and residential choice-related attitudes and 217 preferences. The latter psychological factors are included to be used as controls for self-218 selection. 219
Examining differences in travel behavior between the urban and suburban boomers 220 (Table 3) , we can see that urban baby boomers tend to commute less frequently by car than their 221 suburban counterparts, but commute more frequently by public transportation. Urban baby 222 boomers also demonstrate higher levels of physical and social activity, making more NMT and 223 social trips. They also more actively undertake utilitarian trips, such as going out for shopping, 224 eating, banking, meeting a doctor, or doing an errand.
225
In terms of socioeconomics and demographics, our sampled urban boomers have a higher 226 share of high-income households, whereas the suburban boomers have a greater proportion of 227 mid-income and low-income households. The sampled urban households tend to be smaller in 228 size, with fewer cars, higher employment levels, more years of residence, and better health, 229 relative to the suburban households. The sampled suburban baby boomers are slightly older. The 230 suburban baby boomers tend to prefer large homes, while urban baby boomers tend to prefer 231 homes convenient to work, retail, and services. 232 233 As discussed above, our research design poses a challenge to inferring whether urban settings 240 produce different travel behavior among baby boomers vis-à-vis their suburban counterparts. Our 241 subjects, urban and suburban residents, were not randomly assigned to their neighborhoods, but 242 rather deliberately select their locations. Therefore, the observed behavioral differences (in Table  243 3) may be due to relative locations (i.e., urban versus suburban) and/or they may arise from 244 unobserved preferences among the subjects (i.e., residential preferences) and observable 245 attributes such as household characteristics (i.e., household size, household income, residential 246 years, and car ownership) and personal characteristics (i.e., age, employment status, health status, 247 and gender).
248
Urban residents' preferences likely systematically differ from those of suburban residents.
249
For instance, urban-living baby boomers' preferences for living conveniently to work and retail 250 is statistically significantly higher than those of their suburban counterparts (Table 3 ). This result 251 suggests that the observed higher utilitarian trip rates, for example, among sampled urban baby 252 boomers may be a function of the fact that those boomers with higher access needs to non-work 253 activities (e.g., shopping, eating out) choose to live in urban areas, which provide such activities 254 nearby. Propensity score matching (PSM) has been widely utilized in the social program 255 evaluation to control for such self-selection problems by mimicking a randomized experiment 256 (Cao et al., 2009 ). PSM estimates the causal effect of the built environment on travel behavior by 257 eliminating the imbalance in the observed characteristics that may influence individuals in urban 258 and suburban neighborhoods. However, PSM does not require the evaluation of multicollinearity, 259 statistical significance, and a normality assumption, unlike statistical control models or sample 260 selection models (Cao, 2010) To control for self-selection possibilities among our sampled 261 households, we apply PSM as a means for (1) matching observations, by identifying almost 262 "identical" persons in the control group (i.e., suburban boomers) for each person in the treatment 263 group (i.e., urban boomers) and then (2) computing the difference in outcomes (travel behavior) 264 between the matched observations (Caliendo & Kopeinig, 2008) . The mean outcome difference 265 between the matched control and treatment groups is the average treatment effect (ATE) or "true" 266 effect of living in urban areas, relative to the suburbs, on travel behavior. The self-selection 267 effect (SSE) can be estimated by computing the difference between the actual observed influence 268 and the ATE.
269
Propensity score matching relies on two basic assumptions: (1) conditional independence 270 and (2) common support (Heinrich et al., 2010) . The conditional independence assumption 271 implies that controlling for a set of X variables, which are not affected by treatment and are 272 observable to the researcher, makes potential outcomes independent of the treatment status; that 273 is, treatment assignment is equivalent to random assignment. This assumption makes it possible 274 to reduce selection bias, by taking into account systematic differences between treatment and 275 control groups. The common support assumption means that each subject has a positive 276 probability of being assigned to both the treatment and control groups, and there are individuals 277 in both groups with the same characteristics (covariates), within the range that treatment effects 278 are being measured. This second condition ensures sufficient overlap between the treatment and 279 control groups, in terms of characteristics, to find an adequate number of matched individuals 280 (i.e., common support).
281
Matched sampling still faces the problem of dimensionality: the difficulty of finding the 282 same or similar individuals, matching on all relevant covariates. Rosenbaum and Rubin (1983) 283 suggest matching individuals based on the propensity score -the probability of participating in a 284 treatment given observed characteristics. PSM avoids the problem of dimensionality by matching 285 10 on a single variable (the propensity score) instead of on the entire set of relevant covariates. 286 Rosenbaum and Rubin (1983) show that if it is valid to match units based on multiple covariates, 287 it is equivalently valid to match on the propensity score. In practice, any discrete choice model, 288 including logit and probit models, can be used to estimate the propensity score (Caliendo & 289 Kopeinig, 2008 We implemented PSM in Stata 11, which is a data analysis and statistical software providing the 294 "psmatch2" module for propensity score matching (Leuven & Sianesi, 2003) . A binary logit 295 model estimates the probability of living in urban (treatment), compared to in suburban (control) 296 areas. Typically, the propensity score is the probability of selection into treatment given 297 observed characteristics. However, our particular sampling approach that combines two samples 298 from two populations (urban and suburban baby boomers) with unknown population weights can 299 result in biased estimation results. For consistent propensity score estimation, matching was 300 conducted on the odds ratio of the propensity score, which spreads out the density of very low 301 and very high propensity scores and therefore allows for consistent bandwidth (Heckman & 302 Todd, 2009 ). The logit model included household characteristics, personal characteristics, and 303 residential preferences as independent variables. Variables determined by residents' location 304 choices, such as neighborhoods' physical characteristics, were excluded, since their inclusion 305 would violate the conditional independence assumption. The model also included interaction and 306 quadratic terms to achieve the balance of independent variables' values between treatment and 307 control groups after matching. 
314
We used a "caliper matching" algorithm to match an observation from the treatment 315 group (urban boomers) to one from the control group (suburban boomers), searching for 316 observations with propensity scores within 0.01 of each other. This caliper range is commonly 317 used in similar empirical studies . 3 Urban baby boomers with propensity scores 318 outside of the suburban baby boomers' propensity score range were excluded to satisfy the 319 common support assumption. 320 Table 5 compares independent variables between urban and suburban neighborhoods 321 before and after matching in order to test the robustness of matching results. Before the 322 propensity matching adjustment, variables, except for bike ownership and employment status, 323
were statistically significantly different between the treatment and control groups. After 324 matching, none of the variables were significantly different between the two groups at the 0.05 325 alpha levels. Therefore, PSM successfully balanced the two groups on these variables. 326 327 
335
Through PSM, we can infer statistically significant "true" travel behavior effects for baby 336 boomers living in urban neighborhoods. Table 6 shows the observed influence, the difference in 337 behaviors observed before matching, as well as the estimated ATE and SSE, for the five travel 338 behaviors analyzed. The estimated ATE of living in urban neighborhoods (the third column in 339 Table 5 ) on automobile commuting is -1.33, indicating that, after controlling for self-selection, 340 urban baby boomers tend to make 1.33 fewer trips per week, on average, than suburban baby 341 boomers. Likewise, after controlling for self-selection, urban baby boomers tend to make 0.66 342 more public transit trips per week, on average, than suburban baby boomers. Residence in urban 343 neighborhoods also induces higher levels of recreational NMT trips (1.34 more trips per week), 344 social trips (0.77 more trips per week), and utilitarian trips (4.53 more trips per week) for urban 345 versus suburban baby boomers. The latter effect may partly reflect increased trip-chaining and/or 346 consolidated larger-scale (e.g., once per week grocery shopping) for suburban baby boomers.
347
Our results indicate relatively weak self-selection effects (SSE). The ratio of ATE to the 348 observed influence (last column in Table 6 ) indicates the share of "true" behavioral effect of 349 residing in urban areas. This ratio suggests that virtually all of the differences in automobile 350 commuting, recreational NMT trip-making, and utilitarian trip-making are due to baby boomers 351 residing in urban areas instead of suburban areas (i.e., the urban area effect on boomers travel 352 behavior). Interestingly, the ratio for social trip-making is greater than 1, indicating overall 353 mismatch between baby boomers' preference for social activities and their environments (Cao, 354 2010 at different times, with somewhat different methods, which might be problematic. While the 376 instruments were similar, they were not identical. In particular, we used different measures of 377 residential preferences in the two instruments and thus were constrained to include only a few 378 such measures in our PSM approach. If other unobserved preferences induced residential self-379 selection, our results may be biased. The survey responses themselves may be biased, in 380 unknown ways; that is, we do not know the representativeness of the sample vis-à-vis the 381 population. For example, we identified that our urban sample is biased toward higher income 382 households, comparing our sample and Massachusetts Travel Survey (Lee et al., 2013) .
383
Empirically focusing on the Boston metropolitan area, the external validity of this 384 analysis is limited to North American cities similar to Boston. Parallel studies in other 385 metropolitan areas in the United States and international contexts can enhance local 386 understanding of older adults' behavior, as well as improve the generalizability of this study. 387 Also, our samples are pre-senior, leading-edge boomers who are active and healthy, relative to 388 the senior group. Therefore, the generalization of the results into the senior group should be done 389 with caution.
390
In addition, we crudely distinguish the "treatment" (urban) and "control" (suburban) (see 391 Figure 1 ); suburban areas with urban qualities, such as suburban centers, may be inaccurately 392 characterized and there is a large variation in the regional accessibility (relative location), 393 particularly among the suburban boomers. Furthermore, our PSM only suggests the causal 394 influence of living in urban neighborhoods, without identifying the specific environmental 395 factors that contribute to behavioral changes. Hence, we cannot conclude which physical 396 characteristics (e.g., density, mixed uses, street design, etc.) specifically influence boomers' 397 Development in Nanchang, China. 
